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Introduction
In RAN4#104e, we addressed in [2] the NRU PC3 1Tx and 2TX architecture together with ACLR requirement target. From this, several agreements were reached in way forward [1]. Notably, calibration and measurement aspects versus ACLR were agreed upon for both 1Tx and 2Tx PC3. In this contribution, we provide our evaluation of the PC3 1Tx and 2Tx power capability for various MPR requirements and share our prospective on ACLR requirement for NRU.
Discussion
PC3 power capability versus ACLR
At this point in time, we have been unable to conduct PC3 2Tx measurements with a 2PA setup that is needed to account properly for Reverse IMD. Still, if we exclude this RIMD impact, we are able to assess the power capability of PC3 2Tx by a 3dB increase of the PC5 PA measured for 30dB and 27dB ACLR and NR-U SEM and calibrated according to agreements in [1]. The results are shown in Figure 1.
[image: ]
Figure 1: PC3 2Tx (wo RIMD impact) power versus 30/27dB ACLR and NRU SEM

In a similar manner, we can use the same measurements for PC3 1Tx power, only re-adjusting for the PC3 NR calibration at 30dB ACLR for 1dB MPR for 20MHz 100RB0 DFT-s-OFDM QPSK versus PC5 NRU calibration at 27dB ACLR and NRU SEM for 1dB MPR for 20MHz 100RB3 DFT-s-OFDM QPSK. The results are shown in Figure 2. 
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Figure 2: PC3 1Tx power versus 30/27dB ACLR and NRU SEM
Observations versus waveforms:
· For DFT-s-OFDM full waveforms: 
· 30dB ACLR is ~0.7dB worse power than 27dB ACLR
· SEM is ~0.2 dB worse power than 27dB ACLR
· For CP-OFDM full waveforms: 
· 30dB ACLR is ~1dB worse power than 27dB ACLR
· 27dB ACLR is ~0.2 dB worse power than SEM => removing ACLR would improve power
· For DFT-s-OFDM 1RB interlace waveforms: 
· 30dB ACLR is ~0.8dB worse power than 27dB ACLR
· 27dB ACLR is ~0.8 dB worse power than SEM => removing ACLR would significantly improve power
· For CP-OFDM full waveforms: 
· 30dB ACLR is ~0.7dB worse power than 27dB ACLR
· 27dB ACLR is ~0.8 dB worse power than SEM => removing ACLR would significantly improve power
· For DFT-s-OFDM WB operation partial sub-band full waveforms: 
· 30dB ACLR is ~0.7dB worse power than 27dB ACLR
· SEM is on par with 27dB ACLR
· For CP-OFDM WB operation partial sub-band full waveforms:
· 30dB ACLR is ~1dB worse power than 27dB ACLR
· SEM is on par with 27dB ACLR

Observations if SEM is used alone:
· For 1Tx PC3 Full, interlace and WB operation waveform MPR would be 0.5dB for DFT-s-OFDM and 2dB for CP-OFDM
· For 2Tx PC3, without RIMD impact, Full, interlace and WB operation waveform MPR would be 1.5dB for DFT-s-OFDM and 3dB for CP-OFDM

Based on the last observation, using SEM alone improves greatly the PC3 NRU MPR by reducing the overall MPR but furthermore, the same MPR seems usable for all types of waveforms (Full, interlace, WB operation). 

Regarding 2Tx versus 1Tx, the difference in calibration level, without accounting for RIMD yet, makes 2Tx PC3 1dB worse than 1Tx PC3. This justifies assuming a larger antenna isolation for 2Tx NRU versus NR to minimize the RIMD impact and is fully justified as above 5GHz antennas are small enough to have good performance and be further separated physically.

Although the above needs further verification with measurements using two NRU PC5 PAs for PC3 2Tx and one PC3 NR PA for 1Tx, we do not expect the relative difference between waveforms and architecture to be significantly different and thus, the current data is sufficient to conclude on the impact of a more stringent ACLR requirement.

Proposal 1:
· 30dB ACLR is not used for PC3 and even 27dB ACLR already reduces some of the critical waveforms power capability
· For 2Tx, antenna isolation >16dB is used to minimize the difference between 1Tx and 2Tx MPR which is already 1dB without RIMD contribution.
ACLR requirement for NRU and Co-existence evaluation
In our view, ACLR is a redundant requirement for NR-U since the SEM mask is referenced to the in-band power and thus serves the same purpose as ACLR across power levels. Furthermore, the Wi-Fi technology only uses the SEM mask to guarantee coexistence and thus there is no reason to add an unnecessary requirement for NR-U which further limits its power capability. 
As seen above, even if the 27dB ACLR for PC5 is similar to the SEM in terms of power limitation for fully allocated waveforms, it already imposes a 1dB higher MPR for the 1RB interlace waveform than what is needed to meet the SEM. This is unfortunate as these waveforms are meant to define the UL range for NR-U. if 30dB was adopted for PC3, this would impose an additional dB of MPR to these waveforms for PC3. This would further emphasize the lower power capability of 2Tx PC3 compared to 1Tx PC3 as the PC5 PA has 0.5dB worse calibration than a PC3 PA and further back-off is needed to account for RIMD.
Given the above, we certainly do not see the benefit of using 30dB ACLR which would reduce the PC3 2Tx benefit versus PC5 to 1.5dB instead of 3dB. Moreover, we do not think that 27dB or 30dB ACLR should be used at all for NRU as the SEM mask is sufficient and would benefit the interlace waveforms.
In way forward [1], it was discussed whether new coexistence simulations were needed for PC3. 
First, Wi-Fi only uses the SEM mask for co-existence whether this is for the client (UE) or the access point (BS) and as such there is no stricter requirement at higher power compared to the PC5 equivalent.
Also, in he RAN4 study for the >6GHz frequency range, coexistence studies have already concluded that 26dB ACLR was sufficient for PC3 UEs. Given that the NRU SEM limitation is very close to the 27dB ACLR requirement, SEM is still more stringent than the 26dB ACLR found in co-existence simulation. 
Proposal 2 on ACLR requirement for NRU: For NR-U the relative SEM mask is sufficient to ensure coexistence as it does for Wi-Fi and thus ACLR requirement (even the 27dB) should be removed for NRU. This will further enable improved power for interlace waveforms.
Conclusions
In this contribution, we discuss the impact of ACLR value on the PC3 1Tx and 2TX power capability and make the following proposals.

Proposal 1:
· 30dB ACLR is not used for PC3 and even 27dB ACLR already reduces some of the critical waveforms power capability
· For 2Tx, antenna isolation >16dB is used to minimize the difference between 1Tx and 2Tx MPR which is already 1dB without RIMD contribution.

Proposal 2 on ACLR requirement for NRU: For NR-U the relative SEM mask is sufficient to ensure coexistence as it does for Wi-Fi and thus ACLR requirement (even the 27dB) should be removed for NRU. This will further enable improved power for interlace waveforms.
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